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© Selectively controllable inflation-deflation device adapted for use in angioplasty procedures. 



© A selectively controllable inflation-deflation de- 
vice (10) for use with a balloon catheter during 
angioplasty procedures is disclosed. The device is 
constructed so that the piston shaft can be 1 ) locked 
and then rotatably and incrementally moved within 
the syringe cylinder to enable controlled pressuriza- 
tion, or 2) unlocked and moved within the cylinder to 
enable fluid purging of the cylinder and retraction of 
the piston shaft to a vacuum position. The device 
has a cylinder (12) with proximal (14) and distal (16) 
ends and a fluid conduit (18) adapted for commu- 
nication with a balloon. A piston shaft (24) is re- 
ceived within the proximal end of the cylinder. The 
piston shaft includes a piston (26) mounted on the 



distal end of the shaft and the shaft is movable in 
one direction during inflation and in a second direc- 
tion during deflation of the balloon. Screw threads 
are positioned on at least a portion of the piston 
shaft. A cam mechanism in the preferred form of a 
flexible arm (32) and half nut member (44) is moun- 
ted within the cylinder. A cam actuation mechanism 
in the preferred form of a collar (46) is rotatably 
mounted on the cylinder and includes an extension 
(52) that contacts a cam surface (40) on the flexible 
arm and compresses the support arm to engage and 
disengage the half nut member with the threaded 
piston shaft. 
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Field of the Invention 

This invention relates to a selectively control- 
lable inflation-deflation device adapted for use in 
angioplasty procedures in which the piston shaft 
may be 1) locked and then rotatably and incre- 
mentally moved within the cylinder to enable con- 
trolled pressurization and 2) unlocked and moved 
or controllably moved within the cylinder to enable 
fluid purging of the cylinder and retraction of the 
piston shaft to a vacuum position. 

Background of the Invention 

Inflation devices are commonly used by the 
medical profession in different applications, such 
as angiography and angioplasty procedures. Many 
of the inflation devices are simple in design, and 
mass produced from a plastic material. These ba- 
sic inflation devices include a cylinder having a 
proximal end opening, a fluid conduit at the distal 
end which is adapted to be connected to a balloon, 
and a shaft and piston inserted within the proximal 
end of the cylinder for forcing fluid out of the fluid 
conduit when the piston shaft is extended into the 
cylinder. 

Typically, simple syringes used as inflation de- 
vices are not designed to precisely control the 
amount of fluid discharged to the balloon. As a 
result, the devices are inadequate for many an- 
gioplasty procedures in which the pressure within 
the balloon must be precisely controlled. An- 
gioplasty procedures require an inflation device 
that will accurately pressurize the balloon. Addition- 
ally, it is advantageous for an inflation device to 
allow the balloon to be selectively deflated during 
the procedure. 

Various proposed inflation devices used in an- 
gioplasty and similar procedures provide for selec- 
tive and controlled inflation and deflation of the 
balloon. For example, United States Patent No. 
4,583,974 to Kokernak discloses an inflation device 
for use in angioplasty in which a threaded half nut 
latch is pivotally attached to the cylinder. The shaft 
is threaded and the latch is manually, moved be- 
tween a disengaged position in which the shaft is 
free to move axially within the cylinder and an 
engaged position in which the half nut extends 
through a slot opening in the barrel to engage the 
threaded shaft to lock the shaft in position. In this 
locked position, the shaft is rotated to move the 
shaft within the cylinder. 

United States Patent No. 5,057,078 to Foote et 
al. discloses another inflation device in which a 
hand-held trigger is secured to the device handle 
to actuate sliding channels and a spring to force a 
threaded rack out of engagement with threads posi- 
tioned on the interior surface of the cylinder. When 



the threads are engaged, the handle can be turned 
and the piston shaft may be incrementally moved 
within the cylinder to enable controlled pressuriza- 
u o n . wi iGn li id o iu 1 1 uncauo c*rs no i engage^, uio 

5 piston shaft is unlocked and free to move axially 
within the cylinder. 

Although these proposals provide an inflation 
device in which the piston shaft can be locked or 
unlocked for either controlled, incremental move- 

10 ment or free, axial movement within the cylinder, 
the proposed designs do not offer a mechanism for 
controlling locking and unlocking of the piston shaft 
which takes advantage of the cylindrical design of 
the inflation device. The cylindrical configuration of 

75 the cylinder and piston shaft can accommodate 
designs in which simple, rotatably movable compo- 
nents such as cams, cam followers, and semicir- 
cular shaped half nuts can be mounted within the 
cylinder and actuated by means external to the 

20 cylinder, such as a collar or the piston shaft itself. 
These mechanisms can in turn reliably lock and 
unlock threaded locking assemblies. Many locking 
mechanisms used with cylindricaliy configured in- 
flation devices typically use racks or pivoted as- 

25 sembiies which are more complex, expensive, er- 
gonomicaliy inefficient, or difficult to use than the 
more desired rotatably movable components such 
as cams, cam followers, and half nuts. 

30 OBJECTS OF THE INVENTION 

It is therefore an object of the present invention 
to provide a selectively controllable inflation-defla- 
tion device for use with a balloon during angioplas- 

35 ty procedures in which rotatably movable compo- 
nents are mounted within the cylinder of the device 
and actuated by an external, easily manipulatable 
member for selectively locking and unlocking the 
piston shaft to allow controlled, incremental move- 

40 ment or free, axial movement of the piston shaft 
within the cylinder. 

Another object of the present invention is to 
provide a selectively controllable inflation-deflation 
device for use with a balloon during angioplasty 

45 procedures in which a cam system selectively 
moves a threaded half nut in and out of engage- 
ment with a threaded piston shaft for providing 
controlled, incremental movement or free, axial 
movement of the piston shaft within the cylinder. 

so A further object of the prelent invention is to 

provide a selectively controllable inflation-deflation 
device for use with a balloon during angioplasty 
procedures in which rotative movement of the pis- 
ton shaft controls locking and unlocking of the 

55 piston shaft within the cylinder for providing con- 
trolled, incremental movement or free, axial move- 
ment of the piston shaft within the cylinder. 
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A further object of the present invention is to 
provide a selectively controllable inflation-deflation 
device for use with a balloon during angioplasty 
procedures in which rotative movement of a com- 
ponent such as a collar engages and disengages a 
half nut with a threaded piston shaft for providing 
controlled, incremental movement or free, axial 
movement of the piston shaft within the cylinder. 

Additional objects and advantages of the inven- 
tion will be set forth in the description which follows 
and, in part, will be obvious from the description 
and advantages being realized and attained by 
means of the instrumentation, facts, apparatus, sys- 
tems, steps and procedures particularly pointed out 
in the specification. 

BRIEF DESCRIPTION OF THE INVENTION 

In accordance with the present invention, a 
selectively controllable inflation-deflation device for 
use with a balloon catheter during angioplasty pro- 
cedures is provided in which the piston shaft may 
be selectively locked and unlocked so that the 
shaft being either 1) locked and then rotatably and 
incrementally moved within the cylinder to enable 
controlled pressurization, or 2) unlocked and 
moved within the cylinder to enable fluid purging of 
the cylinder and retraction of the piston shaft to a 
vacuum position. 

The inflation-deflation device of the invention 
includes a cylinder having proximal and distal 
ends, and a fluid conduit adapted for communica- 
tion with a balloon. A piston shaft is received into 
the proximal end of the cylinder, and includes a 
piston mounted on the distal end of the shaft. The 
piston is movable in one direction during inflation 
and in a second direction during deflation of the 
balloon. 

Threads are positioned on at least a portion of 
the piston shaft. Cam means is mounted within the 
cylinder and includes means for selectively engag- 
ing the threads on the shaft. Cam actuation means 
rotatably engages the cam means for selectively 
engaging and disengaging the cam means with the 
threaded piston shaft thereby allowing selected 
locking and unlocking of the piston shaft so that the 
piston shaft can be either 1) locked and then 
rotatably and incrementally moved within the cyl- 
inder, or 2) unlocked and moved within the cylinder 
to enable fluid purging of the cylinder and retrac- 
tion of the shaft to a vacuum position where it may 
be relocked. 

In a preferred embodiment, the cam means 
includes a flexible support arm mounted within the 
cylinder. The support arm includes an arcuate sur- 
face defining a cam surface. A threaded half nut 
member is supported by the support arm and 
positioned adjacent to the threaded piston shaft. 
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A collar is rotatably mounted on the outer, 
proximal surface of the cylinder. The collar has an 
extension extending into the cylinder, forming a 
cam follower that engages the cam surface of the 
5 flexible support arm. The cam surface is configured 
so that when the collar is turned, the cam follower 
moves on the cam surface to either compress the 
flexible arm member and engage the half nut mem- 
ber with the shaft or disengage the half nut mem- 

70 ber from the shaft thereby allowing selected lock- 
ing and unlocking of the shaft. A stop is provided 
on the flexible support arm to prevent further rota- 
tion of the collar after the threaded half nut is 
engaged with the threaded piston shaft. 

15 In the preferred embodiment, the flexible sup- 

port arm comprises first and second segments 
extending approximately ci rcu inferential I y about the 
shaft. Each segment includes corresponding cam 
surfaces, and a half nut member carried by the 

20 respective segments. The collar includes corre- 
sponding extensions acting as cam followers which 
engage the cam surfaces. 

In another embodiment, the flexible support 
arm includes slots for receiving pins of the collar. 

25 The slots are configured to enable compression of 
the flexible support arm and movement of the half 
nut member info and out of engagement with the 
threaded shaft. 

In still another embodiment, the cylinder in- 

30 eludes internal threads. The piston shaft includes a 
distal shaft portion having a proximal, bifurcated 
end, and a proximal shaft portion rotatably received 
within the bifurcated end. The distal and proximal 
shaft portions are dimensioned in a clearance fit to 

35 permit rotation of the proximal shaft portion within 
the distal shaft portion. The bifurcated end includes 
threads thereon opposing to the cylinder threads. A 
cam surface is positioned on the interior surface of 
the bifurcated end of the piston shaft. 

40 A cam follower is mounted on the surface of 

the proximal shaft portion within the bifurcated end. 
The cam follower is dimensioned to engage the 
cam surface when the proximal shaft portion is 
selectively turned so as to force the bifurcated end 

45 radially outward and force the threads into the 
threads positioned on the inner cylinder so that the 
shaft being either 1) locked and then rotatably and 
incrementally moved within the cylinder to enable 
controlled pressurization, or 2) unlocked and 

so moved within the cylinder to enable fluid purging of 
the cylinder and retraction of the shaft to a vacuum 
position where it may be relocked. 

The invention consists of the various parts, 
constructions, arrangements and improvements 

55 shown and described. The accompanying drawings 
which are incorporated in and constitute a part of 
the specification illustrate embodiments of the in- 
vention and together with the description serve to 

3 
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explain the principles of the invention. 

DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advan- 
tages of the present invention will be appreciated 
more fully from the following description, with re- 
ferences to the accompanying drawings in which: 
Figure 1 is an isometric view of the inflation 
device in accordance with a first embodiment of 
the present invention; 

Figure 2 is a sectioned, isometric view of the 
first embodiment of the inflation device of the 
present invention; 

Figure 3 is a schematic cross sectional view of 
the the first embodiment of the inflation device 
of the present invention; 

Figure 4 is a schematic sectional view taken 
along line 4-4 of Figure 3 and showing the half 
nut unengaged with the threaded shaft; 
Figure 5 is a schematic sectional view similar to 
Figure 4 but showing the half nut engaged with 
the threaded shaft; 

Figure 6 is a sectional view of the flexible sup- 
port arm on which the half nuts are carried; 
Figure 7 is a sectional view of the collar in 
accordance with the first embodiment of the 
present invention; 

Figure 8 is a schematic sectional view similar to 
Figure 4 but showing a second embodiment of 
the device in which pins extend from the collar 
and are received through slots of the support 
arms; 

Figure 9 is a schematic sectional view similar to 
Figure 8 but showing the half nut engaged with 
the threaded shaft; 

Figure 10 is a schematic sectional view similar 
to Figure 4, but illustrating a third embodiment 
in which the collar includes a cam surface for 
engaging a cam follower formed on the flexible 
arm member; 

Figure 1 1 is a sectional view of the collar used 
in the second embodiment of the present inven- 
tion; 

Figure 12 is a schematic sectional view of the 
third embodiment similar to Figure 10 but illus- 
trating the half nut engaged with the threaded 
shaft; 

Figure 13 is sectional view of another embodi- 
ment of the flexible support arm in which the 
arm is segmented into distinct, nonintegrally 
formed half segments; 

Figure 14 is a schematic cross sectional view of 
the rear portion of a third embodiment of the 
inflation device; 

Figure 15 is a schematic cross sectional view 
with partial cutaway of a fourth embodiment of 
the inflation device in which a proximal shaft 
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portion is coaxially received into a distal shaft 
portion and wherein the piston shaft is locked by 
rotating the proximal shaft portion; 
Figure 16 is a schematic view of the fourth 
5 embodiment taken along line 16-16 of Figure 15 
and illustrating the cam followers of the proximal 
shaft portion engaging the cam surfaces on the 
distal shaft portion so the piston shaft is locked 
in position; 

io Figure 17 is a schematic view of the fourth 
embodiment similar to the view of Figure 16 and 
showing the cam followers disengaged from the 
cam surfaces so that the piston shaft is free to 
move axially within the cylinder; 

15 Figure 18 is an assembly view of the proximal 
and distal shaft portions in which the proximal 
shaft portion extends only partially into the distal 
shaft portion; and 

Figure 19 is a view similar to Figure 18 in which 
20 the proximal shaft portion extends fully through 
the distal shaft portion into the piston. 

DETAILED DESCRIPTION OF T HE INVENTION 

25 Referring now to Fig. 1, there is illustrated at 

10 a selectively controllable inflation-deflation de- 
vice in accordance with a first preferred embodi- 
ment of the present invention, which is used with a 
balloon for angioplasty procedures and the like. 

30 The device 10 of the present invention provides a 
structure in which the piston shaft may be selec- 
tively locked and unlocked so that the piston shaft 
may be 1) locked and then rotatably and incre- 
mentally moved within the cylinder to enable con- 

35 trolled pressurization, or 2) unlocked and moved 
within the cylinder to enable fluid purging of the 
cylinder and retraction of the piston shaft to a 
vacuum position. As will be explained in detail 
below, the invention includes cam actuation means 

40 carried by the device which rotatably engages a 
cam assembly to force threads together. 

In accordance with the first embodiment of the 
present invention, the device 10 includes a cylinder 
12 having respective proximal and distal ends 14 

45 and 16. The cylinder, also referred to as a barrel 
by those skilled in the art, is typically formed from 
injection molding of plastic material. The cylinder 
12 includes a closed distal end 16 referred to as 
the box, having a fluid conduit 18 positioned at the 

so distal end through which fluid may be conveyed to 
a PTCA balloon. The fluid conduit 18 is shaped to 
form a fitting 18a which is adapted to receive a 
catheter or other tube-like device 18b. A pressure 
gauge 20 is mounted at the distal end of the 

55 cylinder 12 and in communication with the internal 
area of the cylinder 12 to indicate the amount of 
pressure applied within the cylinder 12 and through 
the fluid conduit 18. Flanges 22 extend laterally 

4 
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outward from the cylinder 12 and are configured to 
be gripped by the fingers of one using the device 
10. 

As shown in greater detail in Fig. 2, a piston 
shaft 24 is received into the proximal end of the 
cylinder 12. The piston shaft 24 includes a piston 
26 mounted on the distal end of the piston shaft. 
The piston 26 typically is rotatably mounted on the 
piston shaft 24 by a bearing assembly 26a which in 
the illustrated embodiment of Fig. 2 is formed by a 
thrust bearing surface at the lower end of the 
piston well and a lateral bearing surface at the 
sides. The piston 26 includes sealing rings 27 in 
Fig. 3; shown as one sealing ring in Fig. 2, which 
engages the interior and which is dimensioned to 
form a fluid tight seal with the internal walls of the 
cylinder 12 to prevent fluid from passing around 
the piston 26 as the piston shaft 24 is extended 
into the cylinder 12. A hand knob 28 is secured on 
the proximal end of the piston shaft 24 to facilitate 
grasping of the piston shaft 24 by the user. As 
shown in both Figs. 1 and 2, the piston shaft 24 
includes threads 30 positioned substantially along 
the length thereof. 

Referring now to Figs. 4 and 5, a schematic 
representation of a flexible support arm 32 is 
shown mounted within the cylinder 12 at its proxi- 
mal end 14. The flexible support arm 32 is formed 
of a semirigid plastic such as polyamide, sold 
under the tradename nylon, or acetal, sold under 
the tradenames Delrin or Celcon. Other materials 
commonly known to those skilled in the art also 
can be used. The arm 32 includes respective up- 
per and lower integrally formed half segments 32a, 
32b. The half segments 32a, 32b form a somewhat 
planar, circular configuration within the cylinder and 
include a longitudinal opening 33 in a medial por- 
tion. The two segments 32a, 32b are connected at 
their end portions to form at either end a rectangu- 
lar configured mounting member 34. The rectangu- 
lar configured mounting members 34 are received 
in opposing slots 36 formed in the wall surface of 
the cylinder. The slots 36 can extend partially or 
completely through the cylinder. Both upper and 
lower segments 32a, 32b also include semicircular 
cutouts 38 which form a circular opening through 
which the piston shaft 24 extends. Each segment 
32a, 32b further includes an arcuate surface defin- 
ing a cam surface 40. 

Fig. 6 illustrates one proposed design showing 
an actual proposed configuration for a flexible arm 
member as compared to the schematic design 
used in the other figures. 

Additionally, as shown in both embodiments, 
the cam surfaces are formed to respectively create 
stops 42, 43 at either end. Each semicircular cutout 
38 also includes a threaded half nut member 44 
carried by the support arm 32 therein. Each half 
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nut may be secured by glue, integral molding on 
other common fastening techniques known to those 
skilled in the art. The half nut members 44 extend 
substantially circumferentially about the threaded 
5 piston shaft (Figs. 4 and 5) and are positioned so 
that the threads are positioned adjacent to the 
threads of the piston shaft 30. The support arm 
segments are formed so that they are flexed and 
separated apart in a spring-like manner. When the 

10 cam surface is acted upon by a cam follower, as 
will be described later, the flexible arm 32 is com- 
pressed radially so that the half nuts 44 move 
radially into engagement with the threaded shaft. If 
two separate, nonintegrally formed segments are 

75 used, springs or other means may be used to flex 
and separate the arms from each other. 

As shown in Figs. 1-3, a somewhat cup-shaped 
collar 46 is rotatably mounted on the proximal end 
14 of the cylinder 12. The collar 46 is typically 

20 snap-fitted onto the proximal end of the cylinder 12 
and includes a locking detent ring 47 for securing 
the collar 46 onto the proximal end. The collar 46 
closes the proximal end of the cylinder, but in- 
cludes an opening 48 through which the piston 

25 shaft 24 extends. A flange 49 extends laterally from 
the outer periphery of the collar. Preferably the 
periphery of the collar has formed grooves 50 to 
facilitate manual grasping and turning of the collar 
46 by a user's engaging both the grooves and the 

30 flange. As shown in Fig. 7, the collar 46 includes 
upper and lower integrally formed extensions 52 
extending into the proximal end of the cylinder 12. 
The extensions 52 form cam follower surfaces 
which engage the cam surface 40 and move over 

35 the cam surface (Fig. 4 and Fig. 5) as the collar is 
rotated. 

As shown in Figs. 4 and 5, the cam surfaces 
40 are configured so that when the collar is turned, 
the extensions 52 move over the cam surfaces 40 

40 until they engage one of the stops 42, 43. In a first 
position shown in Fig. 4, the extensions 52 engage 
the stops. 42. As shown in Fig. 4, in this position, 
the flexible support arm 32 is uncompressed and 
the half nut threads are unengaged with the thread- 

45 ed piston shaft 30. Looking in the direction of Fig. 
4, the collar 46 is not free to further rotate in a 
clockwise direction because the extensions 52 en- 
gage the stops 42. Upon counterclockwise rotation 
of the collar 46, the extensions 52 move upward on 

so the cam surfaces 40. The cam surfaces 40 are 
configured so that as the collar is rotated, the 
extensions 52 press against the flexible arm 32 and 
compress the segments 32A, 32B upon themselves 
to force the half nut 44 into engagement with the 

55 threaded shaft. In this position, the collar is pre- 
vented from further rotation because the extensions 
engage the stops 43. 
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In operation the device 10 is initially connected 
to a balloon catheter used in angioplasty proce- 
dures. The balloon catheter is connected via a tube 
or other connection means to the conduit fitting 18a 
positioned at the distal end of the cylinder, 12. The 
collar 46 is initially turned so that the cam followers 
52 formed by the extension of the collar engage 
the stops 42 of the cam surfaces 40 formed on the 
support arms 32 as shown in Fig. 4. 

In this operative position, the piston shaft 24 is 
unlocked, and the piston 26 may freely move within 
the cylinder 12. In this unlocked position the doctor 
or other user conducting the angioplasty procedure 
moves the piston shaft 24 axially forward within the 
cylinder to reach a somewhat pressurized position. 
The doctor then turns the collar 46 so that the cam 
followers 52 move over the cam surfaces 40 of the 
support arm 32 into a position engaging the stops, 
43, shown in Fig. 5. In this position, the piston shaft 
24 is locked. The doctor rotates the shaft 24 to 
incrementally move the piston shaft within the cyl- 
inder 12 allowing controlled pressurization of the 
balloon. After the requisite pressurization time has 
passed, the doctor may slowly relieve the pressure 
within the balloon by turning the piston shaft in a 
reverse direction to move the piston shaft 24 out of 
the cylinder 12. If an emergency arose, such as 
arterial damage resulting from excessive balloon 
pressure, and the balloon pressure had to be re- 
lieved quickly, the doctor can turn the collar 46, 
thereby unlocking the piston shaft 24 so that the 
doctor may pull the piston shaft 24 and quickly 
relieve the pressure. 

Referring now to Figs. 8, 9 and 11, second 
embodiment of the device 10 is shown in which the 
arcuate configured cam surfaces on the flexible 
support arm 32 are replaced by upper and lower 
arcuate configured slots 54. The collar 46 includes 
integrally formed upper and lower pins 56 which 
arc received into the slots 54. The slots 54 are 
configured so that as the collar is turned clockwise 
(Fig. 9), the flexible support arm 32 is compressed 
radially inward to force the half nuts into threaded 
engagement with the threaded shaft 30. The slots 
are dimensioned so that the collar 46 may be 
rotated only from the unengaged position shown in 
Fig. 8 to the engaged position shown in Fig. 9. 
Each slot also includes detente 57 for holding the 
pins 56 in place. In operation, the collar is moved 
as described in the operation of the first embodi- 
ment. The locking device 10 functions in a similar 
manner as described, except that the pins 56 act- 
ing as cam followers, move within the slots. 

Figs. 10, 12 and 14 illustrate a third embodi- 
ment of the device 10 in which , the collar 46 
includes upper and lower cam protrusions 60 ex- 
tending from the collar 44 into the cylinder 12. The 
protrusions include an arcuate surface defining up- 
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per and lower cam surfaces 62 which engage up- 
per and lower cam followers 64 integrally formed 
on the flexible support arm 32. As shown in Figs. 
10 and 12, the flexible support arm 32 is config- 

5 ured somewhat differently from the previously de- 
scribed embodiments and do not include a slot or 
cam surface. In operation, as the collar is turned, 
the cam surfaces 62 engage the cam followers 64 
and move from a first position (Fig. 10) in which 

10 the support arm is uncompressed and the half nut 
disengaged from the threaded shaft to a second 
position (Fig. 12) in which the support arm 32 is 
compressed radially toward the threaded shaft to 
force the half nut into engagement with the thread- 

75 ed shaft 30 (Fig. 12). The cam surfaces include 
end stops 66, 67 to prevent collar rotation beyond 
the points shown in Figs. 10 and 12. 

Fig. 13 illustrates a flexible support arm em- 
bodiment designated by prime notation in which 

20 the two segments are not integrally formed to- 
gether, but are formed as separate pieces. The 
segment includes end portions having rectangular 
configured supports 34 which are received into the 
slots 36 of the cylinder 12. As noted before, the 

25 two separate segments may include a spring or 
other means not shown positioned between the two 
members that flex and separate the members from 
each other so that in an uncompressed condition, 
the half nuts are unengaged with the threaded 

30 shaft. 

Referring now to Figs. 15-19, a fourth embodi- 
ment of the device 10 is illustrated in which the 
piston shaft is locked and unlocked by turning the 
piston shaft itself. The description of this embodi- 

35 ment will be described with similar reference nu- 
merals having prime notation and corresponding to 
the structure of the previous three embodiments. 
The new structural components differing from the 
structural components of the three previous em- 

40 bodiments will begin with the reference numeral 
100. 

As shown in Fig. 15, the cylinder 12* includes 
threads 100 positioned on the inside surface. A cap 
102 is secured on the proximal end to close the 

45 cylinder 12' and to locate the shaft 24'. The cap 
102 includes a combination piston shaft opening 
and shaft receiving bearing 104 through which the 
piston shaft extends into the cylinder 12'. The 
piston shaft 24' includes a distal shaft portion 106 

so having a proximal, bifurcated end 108. A proximal 
shaft portion 110 is rotatably received within the 
bifurcated end 108. The distal and proximal shaft 
portions 106, 110 are dimensioned in a clearance 
fit to allow rotation of the proximal shaft 110 rela- 

55 five to the distal shaft 106. An internal bearing 
assembly (not shown) can be used to rotatably 
support the distal and proximal shaft portions to- 
gether. 

6 
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As shown in Figs. 18 and 19, threads 111 are 
positioned on the bifurcated shaft portion 108 and 
are positioned opposing the threads 100 positioned 
inside the cylinder. The inside surface of the bi- 
furcated end 108 includes upper and lower cam 
surfaces 112. The proximal shaft portion 110 in- 
cludes opposing cam followers 114 mounted on 
the proximal shaft portion within the bifurcated end 
108. The followers 114 are dimensioned to engage 
the cam surface 112 when the proximal shaft por- 
tion 110 is selectively turned to force the bifurcated 
shaft portion radially outward so that the threads 
111 are engaged with the threads 100 positioned 
on the inner surface of the cylinder. 

The cam surfaces 112 include stops 120 (Figs. 
16 and 17) which prevent further turning of the 
proximal shaft portion 110° after the bifurcated end 
108 is forced outwardly. Once the shaft is in this 
"locked" position with the distal shaft portion (Fig. 
16), further turning of the proximal shaft portion 110 
causes advancement of both shaft portions into the 
cylinder by means of the threaded assembly 
formed between the threads 100 or 111. When the 
proximal shaft portion 110 is turned counterclock- 
wise (looking in the direction of Figs. 16 and 17), 
the cam followers 114 are disengaged from the 
cam surface and the bifurcated end 108 is biased 
inwardly so that the threads are no longer engaged 
as shown in Fig. 17. Thus, the shaft 106, 110 can 
be moved axially within the cylinder. As shown in 
Fig. 15, an interlock means is provided for locking 
the proximal and distal shaft portions together. The 
interlock means of this embodiment includes an 
annular collar 116 secured to the proximal shaft 
portion. The collar 116 fits within a groove 118 
positioned in the bifurcated end of the distal shaft 
portion. The two shaft portions can be axially 
moved together, but only rotatively moved together 
when the distal shaft portion is threadably coupled 
to the cylinder 12'. 

Figs. 18 and 19 illustrate two different embodi- 
ments of the shaft used in the illustrated embodi- 
ment in Fig. 15. In Fig. 18, the proximal shaft 
portion 110 extends only partially into the distal 
shaft portion 106 and terminates within the bi- 
furcated end. The piston 26 is mounted at the end 
of the distal shaft portion 106 by means of a 
bearing assembly 122 shown in Fig. 19 by hidden 
lines. In Fig. 19, the proximal shaft portion 110 
extends throughout the axial length of the distal 
shaft portion 106. The piston 26* is connected to 
the end of the proximal shaft portion 110 by means 
of a bearing assembly (Fig. 19). The bearing as- 
sembly provides free rotation of the piston 26' 
relative to the distal and proximal shaft portions 
106,110. 

In operation, the device 10' in accordance with 
this fourth embodiment is initially connected to a 
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balloon catheter used in angioplasty procedures. 
As with the other embodiments, the balloon cath- 
eter is connected via a tube or other connection 
means to the conduit fitting 18a positioned at the 

5 distal end of the cylinder 12'. The proximal shaft 
portion 110 is initially pressed in the forward direc- 
tion. The interconnection formed between the an- 
nular collar 116 on the proximal shaft portion 110 
and the groove 118 in the distal shaft portion 106 

w permits free rotation of the proximal shaft portion 
110 within the distal shaft portion 106, while allow- 
ing axial movement of the two shaft portions 106, 
110 together. 

As the two shaft portions 106, 110 are moved 

75 axially forward, the balloon is pressurized. When 
the doctor turns the proximal shaft portion 110, the 
follower 114 engages the cam surface, locks the 
two together when it engages the stop 120, and 
forces the threads 111 on the bifurcated end of 

20 distal shaft, 106, into the threads 100 positioned on 
the inside surface of the cylinder 12'. As the proxi- 
mal shaft portion 110 is turned more, the locking 
interengagement of the threads causes the shaft 
portions 106, 110 to advance incrementally within 

25 the cylinder. When the proximal shaft portion 110 
is turned the other direction, the follower 114 dis- 
engages from the cam surface and the arms of the 
bifurcated end retract so that the threads rapidly 
disengage with each other. As a result, the balloon 

30 is rapidly deflated. 

The embodiments of the present invention offer 
several advantages over other proposed inflation 
devices previously described. The device 10 of the 
present invention includes rotatably movable com- 

35 ponents which are mounted within the cylinder and 
actuated by an external, easily manipulatable com- 
ponent such as a collar or the shaft itself. The half 
nuts can be readily moved into and out of engage- 
ment with the threaded piston shaft. The embodi- 

40 ment of Fig. 15 provides for a device 10 in which 
only one manual activity is required to lock the 
piston shaft and move the shaft within the cylinder 
to enable controlled pressurization. As shown and 
illustrated in Figs. 16 and 17, the proximal shaft 

45 portion is initially rotated to move the followers 114 
into position as shown in Fig. 16. Upon further 
rotation, while the threads 100, 111 are engaged, 
the piston shaft is incrementally moved forward 
within the cylinder as the shaft is rotated. 

so It should be understood, that the foregoing 

description of the invention is intended merely to 
be illustrative thereof, and that other embodiments, 
modifications and equivalents may be apparent to 
those skilled in the art without departing from its 

55 spirit. 
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Claims 

1. A selectively controllable inflation-deflation de- 
vice for use with a balloon catheter during 
angioplasty procedures comprising: 

(a) a cylinder having proximal and distal 
ends and a fluid conduit adapted for com- 
munication with a balloon; 

(b) a piston shaft received within the proxi- 
mal end of said cylinder, said piston shaft 
including a piston mounted on the distal 
end of said shaft, said piston being movable 
in one direction during inflation and in a 
second direction during deflation of the bal- 
loon; 

(c) screw threads positioned on at least a 
portion of said piston shaft; 

(d) cam means mounted within said cylinder 
including means for selectively engaging 
said threads on said piston shaft; and 

(e) cam actuation means for rotatably en- 
gaging said cam means for selectively en- 
gaging and disengaging said cam means 
with said piston shaft threads thereby allow- 
ing selective locking and unlocking of said 
piston shaft so that said piston shaft being 
either 1) locked and then rotatably and in- 
crementally moved within said cylinder to 
enable controlled pressurization or 2) un- 
locked and moved within the cylinder to 
enable fluid purging of the cylinder and 
retraction of said shaft to a vacuum position. 

2. A device as defined in Claim 1 having means 
for permitting unopposed deflation when said 
piston shaft is in the unlocked position. 

3. A device as defined in Claim 1 having means 
for permitting controlled deflation when said 
piston shaft is in the locked position. 

4. A device as defined in Claim 1 wherein said 
cam actuation means is mounted on the outer 
surface of said cylinder. 

5. A device as defined in Claim 1 wherein said 
cam means comprises a threaded half nut 
member mounted within said cylinder which 
engages said shaft upon selected actuation of 
said cam means. 

6. A device as defined in Claim 5 wherein said 
cam means further comprises a flexible sup- 
port arm supporting said half nut member, and 
wherein said support arm includes an arcuate 
surface defining a cam surface engaged by 
said cam actuation means, wherein said cam 
surface is configured to permit compressing of 
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said support arm and corresponding engage- 
ment of said half nut into said piston shaft. 

7. A device according to Claim 6 wherein said 
5 flexible support arm comprises two half seg- 
ments extending substantially circumferentially 
about a portion of said shaft, and including 
means for separating said segments away 
from said shaft when said support arm is un- 

10 compressed. 

8. A device as defined in Claim 1 including 
means for limiting rotation of said cam ac- 
tuation means when said cam means is 

75 threadably engaged to said threaded piston 

shaft. 

9. A device as defined in Claim 1 wherein said 
cam actuation means is mounted on said pis- 

20 ton shaft. 

10. A device as defined in Claim 9 wherein said 
piston shaft includes a distal shaft portion hav- 
ing a threaded and bifurcated end, and a proxi- 

25 mal shaft portion coaxially received within said 

bifurcated end, wherein said distal and proxi- 
mal shaft portions are dimensioned in a clear- 
ance fit, and including threads on the inner 
surface of said cylinder opposing with said 

30 shaft threads and wherein said cam means 

includes an inner arcuate surface on the bi- 
furcated end defining an internal cam surface, 
and including a cam follower positioned on the 
proximal shaft portion within said bifurcated 

35 end which is dimensioned to engage said cam 

surface when said proximal shaft is selectively 
turned to force said bifurcated end radially 
outward so that the threads of the bifurcated 
end engage the threads on the inner surface of 

40 the cylinder. 

11. A selectively controllable inflation-deflation de- 
vice for use with a balloon catheter during 
angioplasty procedures comprising: 

45 (a) a cylinder having proximal and distal 

ends and a fluid conduit adapted for com- 
munication with a balloon; 
(b) a piston shaft received within the proxi- 
mal end of said cylinder, said piston shaft 

so including a piston mounted on the distal 

end of said shaft, said piston being movable 
in one direction during inflation and in a 
second direction during deflation of the bal- 
loon; 

55 (c) threads positioned on at least a portion 

of said piston shaft; 

(d) at least one threaded half nut member 
mounted within said cylinder adjacent said 
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piston shaft; 

(e) cam means mounted within said cylinder 
for selectively engaging and disengaging 
said threaded half nut member with said 
piston shaft threads; and 5 

(f) means mounted on the outer surface of 
said cylinder for rotatably engaging said 
cam means and for selectively engaging 
and disengaging said threaded half nut 
member with said piston shaft threads w 
thereby allowing selective locking and un- 
locking of said piston shaft so that said 
piston shaft being either 1) locked and then 
rotatably and incrementally moved within 

said cylinder to enable controlled pressur- 75 
ization or depressurization or 2) unlocked 
and moved within said cylinder to enable 
fluid purging of the cylinder and retraction 
of said piston shaft to a vacuum position 
where it may be relocked. 20 

12. A device as defined in to Claim 11 wherein 
said cam means includes a flexible support 
arm supporting said half nut member, and 
wherein said support arm includes an arcuate 25 
surface defining a cam surface which is en- 
gaged by said actuation means, wherein said 

cam surface is configured to permit compres- 
sion of said support arm and corresponding 
engagement of said threaded half nut member 30 
with said threaded piston shaft. 

13. A device as defined in Claim 12 wherein said 
flexible support arm comprises two half seg- 
ments extending substantially circumferentially 35 
about a portion of said shaft, and wherein each 
segment includes an arcuate surface defining a 
cam surface, and a threaded half nut member 
carried by each segment within the slot. 

40 

14. A device as defined in Claim 13 wherein said 
first and second segments are integrally 
formed with each other. 

15. A device as defined in Claim 14 wherein said 45 
flexible support arm includes means for sepa- 
rating said segments away from said shaft 
when said support arm is uncompressed. 

16. A device as defined in Claim 12 wherein said 50 
flexible support arm is formed of a semirigid 
plastic. 

17. A device as defined in Claim 12 wherein said 
cylinder includes means for receiving an end 55 
portion of said support arm for securing said 
support arm within said cylinder. 



18. A device as defined in Claim 11 wherein said 
actuating means comprises a collar rotatably 
mounted on the outer surface of the cylinder. 

19. A device as defined in Claim 18 wherein said 
collar includes an extension for engaging said 
cam surface of said support arm. 

20. A selectively controllable inflation-deflation de- 
vice for use with a balloon catheter during 
angioplasty procedures comprising: 

(a) a cylinder having proximal and distal 
ends and a fluid conduit adapted for com- 
munication with a balloon; 

(b) a piston shaft received within the proxi- 
mal end of said cylinder, said piston shaft 
including a piston mounted on the distal 
end of said shaft, said piston being movable 
in one direction during inflation and in a 
second direction during deflation of the bal- 
loon; 

(c) threads positioned on at least a portion 
of said piston shaft; 

(d) a flexible support arm mounted within 
said cylinder, said support arm including an 
arcuate surface defining a cam surface; 

(e) a threaded half nut member carried by 
said support arm and positioned adjacent to 
said piston shaft; 

(f) a collar rotatably mounted on the outer, 
proximal surface of said cylinder, said collar 
having an extension extending into the cyl- 
inder and engaging the cam surface of said 
flexible support arm; and 

(g) wherein said cam surface is configured 
so that when said collar is turned, said 
extension is moved over the cam surface to 
compress the flexible arm member and 
move said threaded half nut member into 
and out of engagement with said threaded 
shaft, thereby allowing selective locking and 
unlocking of said piston shaft so that said 
piston shaft being either 1) locked and then 
rotatably and incrementally moved within 
said cylinder to enable controlled pressur- 
ization or depressurization or 2) unlocked 
and moved within said barrel to enable fluid 
purging of the cylinder and retraction of the 
piston shaft to a vacuum position. 

21. A device as defined in Claim 20 wherein said 
flexible support arm is formed of a semirigid 
plastic. 

22. A device as defined in Claim 20 wherein the 
said cylinder includes means for receiving an 
end portion of said support arm for securing 
said support arm within said cylinder. 
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23. A device as defined in Claim 20 wherein said 
cam surface includes a stop for preventing 
further rotation of said collar when said half nut 
member is engaged with said piston shaft. 

5 

24. A device as defined in Claim 20 wherein said 
flexible support arm comprises two half seg- 
ments extending substantially circumferentially 
about a portion of said shaft, and wherein each 
segment includes an arcuate surface defining a 10 
cam surface, and a threaded half nut member 
carried by each segment within the slot. 

25. A device as defined in Claim 20 including 
means for separating said segments away 75 
from said shaft when said support arm is un- 
compressed. 

26. A selectively controllable inflation-deflation de- 
vice for use with a balloon catheter during 20 
angioplasty procedures comprising: 

(a) a cylinder having proximal and distal 
ends and a fluid conduit adapted for com- 
munication with a balloon; 

(b) a piston shaft received within the proxi- 25 
mal end of said cylinder, said piston shaft 
including a piston mounted on the distal 

end of said shaft, said piston being movable 
in one direction during inflation and in a 
second direction during deflation; 30 

(c) threads positioned on at least a portion 
of said shaft; 

(d) a flexible support arm mounted within 
said cylinder, said support arm including an 
arcuate configured slot opening, at least one 35 
threaded , half nut member carried by said 
support arm and positioned adjacent to said 
piston shaft; and 

(e) a collar rotatably mounted on the outer 
surface of the cylinder, said collar including 40 
at least one pin extending from said collar 
through said slot opening, and wherein said 

slot is configured so that when said collar is 
turned, a pin is moved within said slot to 
compress said flexible arm member and 45 
move said threaded half nut member into 
and out of engagement with said threaded 
shaft, thereby allowing selective locking and 
unlocking of said piston shaft so that the 
piston shaft being either 1) locked and then 50 
rotatably and incrementally moved within 
said cylinder to enable controlled pressur- 
ization or 2) unlocked and moved within 
said cylinder to enable fluid purging of the 
barrel and retraction of the shaft and plung- 55 
er to a vacuum position. 



27. A device as defined in Claim 26 wherein said 
flexible support arm comprises two half seg- 
ments extending substantially circumferentially 
about a portion of said shaft, and wherein each 
segment includes an arcuate configured slot, 
and a threaded half nut member carried by 
each segment within the slot. 

28. A device as defined in Claim 27 wherein said 
segments are integrally formed with each oth- 
er. 

29. A device as defined in Claim 27 including 
means for separating said segments away 
from said piston shaft when said support arm 
is uncompressed. 

30. A device as defined in Claim 26 wherein said 
collar includes corresponding pins extending 
into respective slots of said segments. 

31. A device as defined in Claim 26 wherein said 
support arm is formed from a semirigid plastic. 

32. A device as defined in Claim 26 wherein said 
slots are configured for preventing further rota- 
tion of said collar when said half nut is en- 
gaged with said shaft. 

33. A device as defined in Claim 32 wherein said 
slots further include detent positions for main- 
taining said pins in position within said slots. 

34. A device as defined in Claim 21 wherein said 
cylinder includes means for receiving an end 
portion of said support arm for securing said 
support arm with said cylinder. 

35. A selectively controllable inflation-deflation de- 
vice for use with a balloon catheter during 
angioplasty procedures comprising: 

(a) a cylinder having proximal and distal 
ends and a fluid conduit adapted for com- 
munication with a balloon; 

(b) a piston shaft received into the proximal 
end of said cylinder, said piston shaft in- 
cluding a piston mounted on the distal end 
of the shaft, said piston being movable in 
one direction during inflation and in a sec- 
ond direction during deflation; 

(c) screw threads positioned on at least a 
portion of said shaft; 

(d) a flexible support arm mounted within 
the cylinder, said support arm including a 
fixed cam follower, 

(e) a threaded half nut member supported 
by said flexible support arm and positioned 
adjacent to said piston shaft; 
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(f) a collar rotatably mounted on the outer 
surface of the proximal end of the cylinder, 
said collar including at least one cam pro- 
trusion extending from said collar into said 
cylinder, said protrusion including an ar- 
cuate surface defining a cam surface there- 
on in engagement with said cam follower, 
and wherein said cam surface is configured 
so that when said collar is turned, the exten- 
sion is moved over the cam follower to 
compress said flexible arm member and 
move said threaded half nut member into 
and out of engagement with said threaded 
shaft, thereby allowing selective locking and 
unlocking of said shaft so that said piston 
shaft being either 1) locked and then 
rotatably and incrementally moved within 
said cylinder to enable controlled pressur- 
ization or 2) unlocked and moved within 
said cylinder to enable fluid purging of said 
cylinder and retraction of the piston shaft to 
a vacuum position. 

36. A device as defined in Claim 35 wherein said 
cam follower is configured for preventing fur- 
ther rotation of said collar after said threaded 
half nut member is engaged with said threaded 
shaft. 

37. A device as defined in Claim 35 wherein said 
flexible support arm comprises two half seg- 
ments extending substantially circumferentially 
about a portion of said shaft, and wherein each 
segment includes an arcuate configured slot, 
and a half nut member carried by each seg- 
ment. 

38. A device as defined in Claim 37 wherein said 
segments are integrally formed with each oth- 
er. 

39. A device as defined in Claim 37 including 
means for separating said segments away 
from said shaft when said support arm is un- 
compressed. 

40. A device as defined in Claim 35 wherein said 
support arm is formed from a semirigid plastic. 

41. A selectively controllable inflation -deflation de- 
vice for use with a balloon catheter during 
angioplasty procedures comprising 

(a) a cylinder having proximal and distal 
ends and a fluid conduit adapted for com- 
munication with a balloon; 

(b) screw threads positioned on a portion of 
the inner surface of said cylinder; 



(c) a shaft received into the proximal end of 
said cylinder, said shaft including a distal 
shaft portion having a proximal, bifurcated 
end, and a proximal shaft portion rotatably 

5 received within said bifurcated end, said 

distal and proximal shaft portions being 
dimensioned in a clearance fit, a piston 
mounted on the distal end of said shaft, 
said piston being movable in one direction 

10 during inflation and in a second direction 

during deflation, threads positioned on at 
least a portion of said bifurcated end oppos- 
ing to said cylinder threads, and a cam 
surface positioned on the interior surface of 

is said bifurcated end; and 

(d) at least one cam follower mounted on 
said proximal shaft portion within said bi- 
furcated end, wherein said cam follower is 
dimensioned to engage said cam surface 

20 when said proximal shaft is selectively 

turned to move within said bifurcated end 
and force said threads into and out of en- 
gagement with said threads on said inner 
cylinder so that said shaft being either 1) 

25 locked and then rotatably and incrementally 

moved within said cylinder to enable con- 
trolled pressurization or 2) unlocked and 
moved within said cylinder to enable fluid 
purging of the cylinder and retraction off 

30 said piston shaft to a vacuum position. 

42. A device as defined in Claim 41 wherein said 
cam surface includes a stop for preventing 
further rotation of the proximal shaft portion 

35 within the distal shaft portion after the cylinder 

and bifurcated end are threadably engaged to 
each other. 

43. A device as defined in Claim 41 wherein said 
40 proximal shaft portion extends into the distal 

• end of said distal shaft portion, and wherein 
said piston is rotatably mounted on. the end of 
said proximal shaft portion. 

45 44. A device as defined in Claim 41 wherein said 
proximal shaft portion terminates in the bi- 
furcated end of said distal shaft portion, and 
said piston is rotatably mounted onto the end 
of said distal shaft portion. 

50 

45. A device as defined in Claim 41 including 
' interlock means for locking said proximal and 
distal shaft portions together. 

55 46. A device as defined in Claim 45 wherein said 
interlock means comprises an annular collar 
secured to said proximal shaft portion and a 
groove positioned in said bifurcated end of 
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said distal shaft portion for receiving said an- 
nular collar. 
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